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FIGS. 4A to 4C illustrate a third embodiment of a 
semiconductor device to which the present invention is 
applied, 

FIG . 5 shows a circuit board having mounted this embodi- 
ment of the semiconductor device. 

FIG. 6 shows an electronic instrument having a circuit 
board on which is mounted ibis embodiment of the semi- 
conductor device. 



BEST MODE FOR CARRYING OUT THE 
INVENTION 
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The present invention is now described in terms of a 
number of preferred embodiments, with reference to the 
drawings. 
First Embodiment 

FIGS. lAto 1C illustrate a first embodiment of a semi- 
conductor device to which the present invention is applied. 
It should be noted that FIG. 1A shows the active surface of 
the semiconductor chip forming a part of the semiconductor 
device, FIG* IB is a sectional view of the semiconductor 
device, and FIG. 1C shorn the surface of the substrate, 
forming a part of the semiconductor device, on which the 
interconnect pattern is formed. A semiconductor device 1 
comprises a semiconductor chip 10 and substrate 20. 

The semiconductor chip 10 is for example a DRAM or 
synchronous DRAM, and has a plurality of electrodes 12. 
The electrodes 12 are disposed concentrated on and around 
a straight line L. For example, the electrodes 12 can be 
arranged in a row on the straight line L. The straight line L 
extends parallel to the longer edges and in the center of the 
rectangular semiconductor chip 10 f but may equally extend 30 
parallel to the shorter edges. The electrodes 12 are com- 
monly of gold formed by plating or wire bonding and tearing 
out, but may equally be of nickel, solder, or the like. 

On the semiconductor chip 10 is provided one or a 
plurality of bumps 11. The bumps 11 are provided in 35 
positions removed from the straight line L. For example, the 
bumps 11 may be provided in as least one of the four corners 
of the semiconductor chip 10. Alternatively, one or a plu- 
rality of bumps 11 may be provided in central portions 
(portions excluding the corners) of the longer edges parallel 40 
to the straight line L of the semiconductor chip 10. The 
bumps 11 are preferably formed of an electrically insulating 
material The bumps 11 are resilient and of relatively small 
form such as to be able to be squashed down, and are 
preferably ibr example of approximately the same flat shape 45 
as the electrodes 12. When the bumps 11 are formed of the 
same material as the electrodes 12 in the same process, it is 
preferable to provide an electrical insulating means by 
covering with an insulating film, for example. In this case 
also, it is preferable for the bumps U to be of sufficiently 50 
small form to be seen as points. The bumps 11 can be formed 
of approximately the same height as the electrodes 12, but 
are not limited thereto. Hie bumps 11 form a support in 
combination with bumps 21 formed on the substrate 20. The 
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bumps 11 may function as electrodes 12 (may form electri- 55 int "k 
cal contacts), and may be connected to other interconnect ek:l 
patterns. This is also true similarly of the embodiments int: 
described hereafter. trcil 
The substrate 20 may be formed of either an o rganic or an on ; i j 
inorganic material, or may equally be a composite structure 60 
thereof. As a substrate 20 formed of an organic m aterial may pni 
be cited for example a flexible substrate formed of a poly- liojj 
imide resin. As a substrate 20 formed of an inorganic co; : 
material may be cited for example a ceramic subsiraie or apj ■ 
glass substrate. As a composite structure of organic and 65 bul;*: 
inorganic material may be cited for example a glass epoxy th<$ 
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b o hell n g portions; 5 ' X "' ' 5 IS " 

(49) a step of subjecting the 
semiconductor chip to face-down bonding to 
connect the electrodes to the bonding 
portions; and || 

(50) a step of providing at least one 
support between the semiconductor chip 
and the substrate, of approximately the same| 
height as the total thickness of ^ 
the electrodes and the bonding portions. 

(51) According to the present invention, a|;# 
plurality of electrodes are 
aligned concentrated in the vicinity of a 
straight line, and the semiconductor 
chip which would not be stable with the 
electrodes alone, is maintained 
parallel to the substrate by the support. 
Therefore, bonding can be carried 
out appropriately so that the electrodes and!:;::' 
bonding portions are not bent. 
The lateral sides of the semiconductor chip 1; 
contacting the interconnect pattern 
formed on the substrate and making an 
electrical connection is prevented. 
Furthermore, bending of the substrate can be*- 
prevented. |/ 

(52) Since the semiconductor chip is 
subjected to face-down bonding, the 
bonding is carried out within the area of 
the semiconductor chip. Therefore, 
the area of the substrate can be reduced to : k 
the minimum necessary. As a 

result, the semiconductor device can be made:'?: 
more compact. 

(53) (15) In the step of providing a 
support in this method, the support may 
be provided beforehand on one of the 
semiconductor chip and the substrate, and 
the other of the semiconductor chip and the 
substrate may be contacted with the 
support. ■% 




(55) The first bumps can be formed at the 
same time as the electrodes, and 
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printed wi ring boam. To evaluate 
connection reliability, the maximum 
equivalent plastic strain on each 
calculated by simulation, and sample 
were subjected to a thermal shock 
test, wherein the sample device 
repeatedly cooled and heated in 
time cooled at -40. degree. C. foV SO 
minutes and then heated at /J-1J30 . deVJee, 
C. for 30 minutes. 




was 
evices 




(39) FIG. 4 is a diagran 
relationship between the ma 
equivalent plastic strain 
height, which as obsenT 
with an electronic cirq 
a glass-epoxy resin pri^; 
board and a chip compone\ 
(planar size: 1.6. times. ( 
bumps used in the device 
simulation were beer barrel-shapeci 
ones. That part of each bump which covered 
the side of the electrode was not 

taken into consideration in the simulation, \- 

As illustrated in FIG. 4, the 

maximum equivalent plastic strain on the 

bump decreased as the bump height 

increased up to 50 .mu.m, and remained 1 

almost unchanged as the bump height 

further increased. In particular, when the 

bump height was 50 .mu.m or less, 

the strain was particularly prominent, 

indicating that the connection between 

the chip component and the glass-epoxy resinh; 

board was not so reliable as 

desired. jj;- 

(40) The sample devices subjected to the 
aforementioned thermal shock test 
comprises a chip component of 1608 type. To^ 
be more specific, four groups of 

sample devices were made for experimental 
purpose. The devices of the first 
group had bumps 5 .mu.m high; the devices of;- 
the second group had bumps 60 
.mu.m high; the devices of the third group 
had bumps 70 .mu.m high; and the 
devices of the fourth group had bumps 90 
.mu.m high. The results of the 
thermal shock test were as is shown in FIG. I 
5. In FIG. 5, the ratio (%) of all 
failed samples is plotted on the abscissa, 
and the number of thermal cycles on 
the ordinate. The term "failed sample" 
means a sample device which had the 
connection resistance increased two or more |f 
times as t he result of the thermal 
gmgg^l^ig. As is evident from FIG. 5, the 
samples of the second, third and 
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Abstract Text - ABTX (1) : 

A method for testing an integrated 
circuit (IC) chip (10) in accordance with | 
the invention comprises the step of forming | 
a solder bump (14) on each of an 
array of bonding pads (13) on a first 
surface of the chip, in accordance with 
the known flip-chip method of IC device § 
packaging. Each of the solder bumps 
(14) is inserted through an aperture (25) ins 
a spacer member (^) , the spacer 
member having a smaller thickness than the 
length of each solder bump, whereby- 
each solder bump protrudes through an 
aperture. The solder bumps are then 
placed on a layer of anisotropic conductive 
material (11) which is arranged 
over an array of test fixture conductive 
pads so that the anisotropic 
conductive layer is sandwiched between the 
IC chip and the test fixture. The § 
integrated circuit chip is then compressed 
against the anisotropic conductor 
material to establish electrical contact 
between the solder bumps of the 
integrated circuit chip and the test fixture-- 
conductor pads (17) . The testing 
of the chip then proceeds by passing 
electrical'current through the solder 
bumps, the anisotropic material, and the 
test fixture conductor pads in a known 
manner. 
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Brief Summary Text - BSTX (5) : 

The paper, "Flip-Chip Soldering to Bare 
Copper Circuits," by A. P. Ingraham 
et al., Proceedings of the Fortieth 
Electronic Components and Technology 
Conference, Las Vegas, Nev, , pp. 333-337, 
May 1990, is an example of the prior 
art that describes a method for packaging 
and connecting integrated circuit 
chips known as flip-chip bonding or 
soldering. With this method, all terminals :l : 
of the integrated circuit chip are located 
as conductor pads on one surface of 
the chip with a solder bump applied to each = 
conductor pad. The chip is then 
mounted on a .^ubstrate with each solder bump;^ 
contacting a cono^ctor pad of the 
circuit to which it is to be connected. The||i 
apparatus is heated to reflow the 
solder and cause it to adhere to the 
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eesh solder bump, whereby eachsoldej 
through an aperture, The wider bump 
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